Background {#S0001}
==========

Neglected tropical parasitic diseases (NTPDs) are a cluster of diseases that affect the poorest populations.[@CIT0001] NTPDs are highly prevalent in developing countries. Most middle-income countries and low-income countries are affected simultaneously by more than one neglected tropical diseases (NTDs).[@CIT0002] Soil-transmitted helminths (STHs) and *Schistosomia mansoni* infections are among the NTPDs that cause suffering and delays in physical and cognitive growth, perpetuating the poverty of those infected by hindering their productivity.[@CIT0003]

An estimated 300 million people are severely ill with STHs and *S. mansoni*. Of these, at least 50% are schoolage children (SAC) aged 5--15 years.[@CIT0004] It is estimated that 25%--35% of SAC are infected with one or more of the major species of helminth infection.[@CIT0005] In Ethiopia, there are an estimated 37.3 million people living in schistosomiasis-endemic areas, comprising 12.3 million SAC.[@CIT0006] The number of people living in STH-endemic areas of Ethiopia is estimated to be 79 million, which comprises 25.3 million SAC. Around 741 districts are known to be endemic for both STHs and *S. mansoni* in Ethiopia.[@CIT0007] According to a Gurage Zone Health Department report, most NTDs identified by the Federal Ministry of Health of Ethiopia are prevalent and endemic in some districts located in the zone.

In recognition of their significance to public health and economies, many countries, including Ethiopia, are investing in preventing and controlling STHs and *S. mansoni*.[@CIT0008] The World Health Organization (WHO) policy for NTD control focuses on mass chemotherapy to control and ultimately eliminate STHs and *S. mansoni*.[@CIT0009] Current strategies used to control STH and *S. mansoni* infections focus on SAC due to the most intense infections and related illness occurring in SAC. The WHO guidelines for controlling STHs and *S. mansoni* recommend treating SAC annually where any STH- and *S. mansoni*-infection prevalence of the targeted area is 20%--50% and twice a year where prevalence is \>50%. The guideline also recommends focusing on SAC as a target for treatment and monitoring STHs and *S. mansoni*.[@CIT0010]

Today, there is renewed global commitment to and funding opportunities for the control of STH and *S. mansoni* infections.[@CIT0011] In Ethiopia, regular mass chemotherapy has been in place since 2015, targeting SAC and pre-SAC.[@CIT0012] Since the launch, mass-chemotherapy coverage for STH and *S. mansoni* infections is 77% and 78.25%, respectively,[@CIT0006] aiming to eliminate STH- and *S. mansoni* infection--related morbidity by 2020.[@CIT0013]

Mass chemotherapy in Ethiopia embraces different monitoring and evaluation measures like process monitoring and performance monitoring for quality of program delivery, but not impact monitoring.[@CIT0006] Unless monitoring the impact of mass chemotherapy on infection levels is conducted, it is unclear whether levels of environmental transmission of infectionwarrant the program. As such, this study was proposed to assess the impact of annual mass chemotherapy for STH infections among primary SAC in an endemic area of Gurage zone.

Methods {#S0002}
=======

Study setting {#S0002-S2001}
-------------

This study was conducted in Gurage zone in the Southern Nations, Nationalities, and People's Region. It is located 155 kilo-meters south of Addis Ababa, the capital of Ethiopia. The zone is found at an average altitude of 100--3,300 m above sea level. About 65.3% the climatic zone lies in Woina Dega. The rest --- 27.5%, 3.1%, and 4.1% --- lie in the Dega, Kolla, and Wereche climates, respectively. The average annual temperature of the zone is 18°C, and annual is 800--1,400 mm.

Study design and procedures {#S0002-S2002}
---------------------------

A repeated school-based quantitative prospective cross-sectional method was employed at baseline (April--May 2017) and after annual treatment (May--June 2018). Pre- and posttreatment-impact indicators were assessed through parasitological examinations. The sample size was calculated with an assumption of estimated prevalence of 23.3%,[@CIT0014] 95% confidence level, 5% margin of error, 10% non-response rate, and design effect of 2 for the baseline survey and estimated prevalence of 23.3%,[@CIT0014] 95% confidence level, 5% margin of error, and 10% non-response rate for the final post-treatment parasitological survey. For each class, children were selected using systematic sampling from class registers provided by the class teachers ([Figures 1](#F0001){ref-type="fig"} and [2)](#F0002){ref-type="fig"}.Figure 1Flowchart of study participant recruitment hierarchy at baseline survey.**Abbreviations:** STHs, soil-transmitted helminths; SAC, school-age children; n, number of children; S, school.Figure 2Flowchart of study participant sampling technique hierarchy after annual follow up.**Abbreviations:** STHs, soil-transmitted helminths; SAC, school-age children; n, number of children; S, school.

Inclusion and exclusion criteria {#S0002-S2003}
--------------------------------

All children aged 5--15 years who are available in their school at the survey visit were included. Children who were on antihelminthic drug or treated within 1 month prior to data collection were excluded for the baseline study.

Data collection and drug administration {#S0002-S2004}
---------------------------------------

A pre-tested, semistructured questionnaire was used to gather information on socio-demographic and other factors related to STH and *S. mansoni* infections. The questionnaire was initially prepared in English and then translated to Amharic by a fluent speaker of both languages to ensure its consistency. Then, data collectors interviewed the children's parents/guardians. Before the administration of 500 mg mebendazole (expired in November 2021), baseline data were collected between April and May 2017, and on day 21 post---annual treatment data were collected between May and June 2018. Data collection and drug administration were done by health extension workers who can speak both Amharic and the local language (Guraghaegna). For children who were not at school at the time of the survey visit, the next students in the sampling frame were considered.

Sample collection and laboratory analyses {#S0002-S2005}
-----------------------------------------

Single fresh stool samples were collected before and after annual treatment from each study participant using clean, dry, wide-mouthed labeled stool cups, after which the samples were transported to the Wolkite University parasitology laboratory. The collected stool samples were processed by the Kato--Katz egg counting technique, as described elsewhere,[@CIT0015] for which single slides were examined by a trained laboratory technician. Briefly, the technique depends on microscopic counting of STHs and *S. mansoni* eggs in prepared slides with special staining of known weight (41.7 mg) of stools. Infection intensities of the STHs and *S. mansoni* were recorded and graded as light, moderate, or heavy, based on the number of eggs per gram (EPG) according to the WHO threshold[@CIT0016] For *Ascaris lumbricoides*, 1--4,999, 5,000--49,999, and ≥50,000 EPG was considered light, moderate, and heavy, respectively. For *Trichuris trichiura*, these figures were 1--999, 1,000--9,999, and ≥10,000 EPG, respectively, and for hook worms 1--1,999, 2,000--3,999, and ≥4,000 EPG, respectively. On the other hand, infection intensity of *S. mansoni* 1--1,999, 2,000--3,999, and \>4,000 was considered light, moderate, and heavy, respectively.

Data-quality assurance {#S0002-S2006}
----------------------

Refreshment training was given to data collectors and laboratory technicians on Kato--Katz smears by experienced personnel in the field. From both positive and negative Kato---Katz smears, 10% were randomly selected and re-read by two independent medical laboratory experts who were blinded to the primary result. A fresh working solution of malachite -green was used routinely to maintain the quality of the smear. Every laboratory step of the parasitological examination was conducted based on standard operating procedures.

Data processing and statistical analysis {#S0002-S2007}
----------------------------------------

The collected data were checked for completeness, cleared, and entered into SPSS version 21 for management and analysis. Descriptive statistics were used to summarize sociodemographic characteristics and indicator variables. Changes in prevalence and infection intensity were estimated. The quantity of STHs and *S. mansoni* eggs was determined before and after annual treatment to determine the intensity of infection according to the WHO threshold.[@CIT0016] Binary logistic regression was used to test for linear associations in the prevalence of STH and *S. mansoni* infections over the study period. Trends of geometric mean intensity were calculated. Predictors of STH and *S. mansoni* infections were identified using multivariate logistic regression analysis. Statistical significance was set at *P*\<0.05. Relative reduction (RR) between pre-and posttreatment was calculated: $$\documentclass[12pt]{minimal}
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Study variables {#S0002-S2008}
---------------

Study variables were STH and *S. mansoni* infections, sociodemographic characteristics (age, sex, residence, family size), family status (occupation of mother, educational status of mother, occupation of father, educational status of father), hygienic factors (shoe wearing, washing habits, habit of nail biting, habit of playing in the soil), and source of water.

Ethics approval and consent to participate {#S0002-S2009}
------------------------------------------

The study was conducted in accordance with the Declaration of Helsinki. Study protocols were reviewed and approved by the Ethical Review Committee of Wolkite University (wku/53/10). Letters of permission were obtained from the Guragea Zone Health Department and each district health office. The objectives and nature of the study were explained to school directors and written informed consent obtained from parents or legal guardians. Data collected from each study participant and results of laboratory tests were kept confidential. Children with positive stools for any helminth infections were treated according to Ethiopian Medicines Formulary recommendations[@CIT0030] in collaboration with the Gurage Zone Health Department.

Results {#S0003}
=======

Characteristics of children under study {#S0003-S2001}
---------------------------------------

Overall, 597 children at baseline and 310 after annual treatment were involved in the present study. The mean age of enrolled children at baseline was 10.4 (5--15) years. Those enrolled after treatment were aged 10--15 years with a mean of 10.7 years. There were more boys (58.7%) than girls (41.3%) at baseline.

Impact on prevalence and intensity of STH and *S. mansoni* infections {#S0003-S2002}
---------------------------------------------------------------------

Overall reductions in prevalence and geometric mean infection intensity were 41.1% (from 23.6 to 13.9) and 22.3% (from 112 to 87), respectively. *S. mansoni* prevalence at baseline was 12.9%, while prevalence was 11.2% after annual mass chemotherapy, representing a 13.2% reduction rate. At baseline, 25.9% of the children had heavy *S. mansoni* infections (≥400 EPG), and the geometric mean infection intensity of all infected study participants was 158 EPG. Only 4.5% of *S. mansoni*-infected children were categorized as having heavy infection intensity after annual mass chemotherapy ([Table 1](#T0001){ref-type="table"}).Table 1Proportions of children infected with STHs and *Schistosomamansoni* and average infection intensity at baseline and after annual treatmentInfected proportion,\
n (%)Geometric mean(eggs per gram)Infection intensityLight (%)Moderate (%)Heavy (%)***S. mansoni***Baseline (April--June 2017)77 (12.9)15830 (38.9)27 (35.2)20 (25.9)12-month follow-up (April--June 2018)67 (11.2)10844 (65.7)20 (29.8)3 (4.5)Relative reduction (%)13.231.6**Hookworms**Baseline (April--June 2017)26 (4.3)11510012-month follow-up (April--June 2018)22 (3.6)93100Relative reduction (%)15.380.8***Ascaris lumbricoides***Baseline (April--June 2017)18 (3.0)30110012-month follow-up (April--June 2018)1 (0.1)240100Relative reduction (%)94.420.2***Trichuris trichiura***Baseline (April--June 2017)3 (0.5)3110012-month follow-up (April--June 2018)1 (0.1)24100Relative reduction (%)80.096.7[^1][^2]

The prevalence of hookworm infections was 4.3% at baseline and 3.6% after annual treatment, with a reduction rate of 15.3%. Similarly, prevalence reduction for *A. lumbricoides* and *T. trichiura* were 94.4% and 80%, respectively. All hookworm, *A. lumbricoides*, and *T. trichiura* infections were categorized as light infection intensity at baseline, with estimated geometric mean infection intensity of 115 EPG, 301 EPG, and 31 EPG, respectively. Mean geometric infection intensity--reduction rates for hookworms, *A. lumbricoides*, and *T. trichiura* were 80.8%, 20.2%, and 96.7%, respectively ([Table 1](#T0001){ref-type="table"}).

Factors associated with STH and *S. mansoni* infections {#S0003-S2003}
-------------------------------------------------------

Factors associated with STH and *S. mansoni* infections were investigated using logistic regression. Infection patterns and children's characteristics were generally comparable between baseline and annual follow-up. STH and *S. mansoni* infections were positively associated with frequency of playing on soil and not washing hands after defecation. Children aged 5--9 years (COR 1.2, 95% CI 1.9--2.1; [Table 2](#T0002){ref-type="table"}), whose mothers used river water for washing raw food and vegetables (COR 2.1, 95% CI 1.3--3.3), and with a habit of bathing in rivers (COR 1.9, 95% CI 1.1--2.2) had significantly higher prevalence of STH and *S. mansoni* infections at baseline ([Table 3](#T0003){ref-type="table"}).Table 2Sociodemographic characteristics of SAC infected with STHs and **Schistoma* mansoni* at recruitment and after annual treatmentVariablesSTHs and *S. mansoni* at baselineSTHs and *S. mansoni* at annual follow-upCOR (95% CI)*P*AOR (95% CI)*P*COR (95% CI)*P*AOR (95% CI)*P***Age-group, years**5--91.2 (1.9--2.1)0.03\*1.43 (0.4--0.9)0.031\*\*0.67 (0.3--1.2)0.21.5 (0.7--3.2)0.2210--151111**Sex**Female111Male0.970.632------1.71 (1.1--2.8)0.03\*1.8 (1.1--3.2)0.02\***Father\'s education**None3.10.21.4 (0.1--19)0.71.2 (0.3--2.1)0.86Primary3.60.21.6 (0.1--22)0.71.9 (0.39--2.17)0.85Secondary6.20.082.6 (0.1--36)0.41Diploma and above11**Mother\'s education**None1.30.21.6 (0.1--14)0.61.4 (0.16--1.4)0.21.5 (0.5--4.1)0.4Primary1.30.31.4 (0.1--13)0.71.5 (0.19--1.7)0.31.4 (0.4--4.1)0.5Secondary2.10.11.5 (0.1--15)0.711Diploma and above11**Mother\'s occupation**Farmer1.50.321.4 (0.8--2.1)0.21.7 (0.9--3.2)0.08Merchant1.480.31.5 (0.7--3.4)0.21.3 (0.5--3)0.5Housewife11**Father\'s occupation**Farmer11Merchant1.60.11.4 (0.7--2)0.21.1 (0.5--2.4)0.6Other^a^1.50.11.3 (0.5--3)0.51.5 (0.5--5.3)0.3**Residence**Urban11Rural1.170.4------1.08 (0.6--1.7)0.7**Family size**Fewer than five111More than five1.140.50.882 (0.5--1.3)0.51.06 (0.6--1.8)0.261.1 (0.6--1.8)0.6[^3] Table 3Factors associated with STHs and *Schistosoma mansoni* infections at recruitment and after annual treatment among SACVariablesSTHs and *S. mansoni* at baselineSTHs and *S. mansoni* after a year\'s follow-upCOR (95% CI)*P*AOR (95% CI)*P*COR (95% CI)*P*AOR (95% CI)*P***Water for drinking**From tap111Protected well1.60.91.3 (0.7--2.6)0.231.2 (0.3--4.3)0.7From river40.991.4 (0.2--8)0.62.4 (0.2--21)0.4**Water for washing raw food and vegetables**From tap1111Protected well1.50.1961.03(0.1--3.5)0.51.27 (0.6--2.5)0.241.05 (0.2--3.7)0.9From river2.1 (1.3--3.3)0.5622.4(0.16--0.75)0.008\*\*1.43 (0.6--3.4)0.51.8 (0.3--2.1)0.7**Fingernail status**Trimmed111Untrimmed40.154.5(0.3--1.2)0.221.01 (0.6--1.6)0.9**Shoe-wearing habit**Always0.610.511Sometimes11.67 (1.1--2.8)0.04\*1.1 (0.3--3)0.9**Handwashing habit after defecation**Always111Sometimes1.010.92.1 (1.3--3.6)0.003\*\*3.1 (1.2--3.1)0.025\***Handwashing habit before eating meal**Always0.0010.91Sometimes11.7 (1.01--2.8)0.037\*1.3 (0.4--4.4)0.6**Latrine utilization**Flush latrine11Pit latrine1.230.41.6 (0.6--3.8)0.21.3 (0.2--6.7)0.6Pit latrine1.230.41.7 (0.4--7.1)0.41.5 (0.6--3.8)0.3**Place of bathing**Home1111River1.9 (1.1--2.1)0.009\*2.14 (0.3--0.9)0.04\*1.3 (0.7--2.2)0.21.3 (0.7--2.6)0.3**Habitof playing in soil**No111Sometimes0.560.771.69 (0.8--3.7)0.12.1 (1.3--6.8)0.008\***Nail-biting habit**No111Sometimes2.10.211.3 (0.3--1.66)0.11.3 (0.7--2.1)0.21.4 (0.7--2.8)0.3[^4]

Multivariate logistic regression at baseline estimated that children aged 5--9 years were 1.43 times (AOR 1.43, 95% CI 0.4--0.9) as likely to get infected with STHs and *S. mansoni* than those aged 10--15 years ([Table 2](#T0002){ref-type="table"}). Children whose mothers used river water for washing raw food and vegetables were 2.4 times (AOR 2.4, 95% CI 0.16--0.75) more likely to be infected with STHs and *S. mansoni* than children whose mothers used tap water for washing raw food and vegetables. The odds of STH and *S. mansoni* infections were 2.1 times higher (AOR 2.1, 95% CI 0.3--0.9) for children who bathed in rivers than those who bathed at home. In addition, children who had irregular handwashing habits after defecation were 3.1 times (AOR 3.1, 95% CI 1.2--3.1) more likely to get infected with STHs and *S. mansoni* than those who had regular handwashing habits after defecation. Children who played on soil irregularly were 2.1 times (AOR 2.1, 95% CI 1.3--6.8) as likely to be infected with STHs and *S. mansoni*after annual treatment than children who did not play on soil ([Table 3](#T0003){ref-type="table"}).

Discussion {#S0004}
==========

Currently, preventive mass-chemotherapy campaigns are taking place in various parts of Africa, Asia, and South America, particularly targeting SAC for STH- and *S. mansoni*-infection control.[@CIT0017] Although the WHO recommends a parasitological check every few years, these are being conducted infrequently without a coherent long-term strategy and without any standardized monitoring protocol.[@CIT0018] However, timely impact evaluation is crucial to monitor progress and initiate corrective measures.

Impact evaluation is necessary to ensure that programs are efficiently implemented and that recipients gain maximum benefit.[@CIT0019] In line with the WHO strategy for controlling STH and *S. mansoni* infections in endemic countries, the national Ethiopian school-based mass-chemotherapy program currently provides annual delivery of mebendazole to SAC.[@CIT0016]

Consistently with our understanding of the dynamics of transmission and control of STHs and *S. mansoni*[@CIT0020] and previous studies,[@CIT0021],[@CIT0022] we found that both prevalence and infection intensity were substantially reduced after annual treatment with 500 mg mebendazole. However, even after mass chemotherapy, some children still had residual STH and/or *S. mansoni* infections. This may reflect the maintenance of transmission among untreated populations[@CIT0023],[@CIT0024] or a failure to clear infections after chemotherapy[@CIT0025] in a proportion of children.

Residual STH and *S. mansoni* infections provided an indication of either rapidly occurring re-infection or a lack of parasite clearance after treatment. Our study showed that reduction rates before and after annual treatment varied among species of helminths, which may have been due to mebendazole having variable efficacy against different helminths,[@CIT0026] though it had been found to be most appropriate for mass chemotherapy.[@CIT0025]

Studies elsewhere[@CIT0027],[@CIT0028] have demonstrated that children with adequate access to improved sanitation in the household and at school were at reduced risk of acquiring STH and *S. mansoni* infections, and improved environmental hygiene was positively associated with a higher impact of antihelminthic treatment. Moreover, handwashing and access to soap were found to be associated with reduced odds of re-infection with STH and *S. mansoni* infections.[@CIT0029] In this study, handwashing after defecation and not playing on soil appeared to have a protective effect against residual STH and *S. mansoni* infections. Therefore, preventive mass chemotherapy should be accompanied by health education to ensure good health practices and avert transmission.

Conclusion {#S0005}
==========

The WHO recommends early and regular administration of antihelminthic drugs to reduce the occurrence of and sustain reductions in helminth transmission. In support of this, annual mass chemotherapy in SAC in the present study showed a tremendous impact on the prevalence and infection intensity of STH and *S. mansoni* infections. However, despite preventive mass chemotherapy dramatically reducing the infection intensity of STHs and *S. mansoni*, it failed to clear the infections completely. This suggests a need to integrate annual mass chemotherapy with interventions that help to reduce infection exposure, such as access to improved personal hygiene and environmental hygiene at school and home to interrupt transmission.
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[^1]: **Note:** \**Enterobius vermicularis*, *Hymenolepis* spp.

[^2]: **Abbreviation:** STHs, soil-transmitted helminths.

[^3]: **Notes:** ^a^Employed/student/daily laborer. \**P*\<0.05; *P*\<0.01.

    **Abbreviations:** STHs, soil-transmitted helminths; SAC, school-age children.

[^4]: **Notes:** \**P*\<0.05; *P*\<0.01.

    **Abbreviations:** STHs, soil-transmitted helminths; SAC, school-age children.
